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Abstract
The present work deals with the geometric estimation of FoV from 3D tessellated head scans and
their usage towards visibility and legibility studies for Digital Human Modeling (DHM) applica-
tions, through a geometric framework for vision modeling. DHM is an area of research with the
prime objective of evaluating a product, job or environment for intended users through computer-
based simulations. It requires capturing the natural behavior of human beings in terms of their
form and function, when they interact with their environment. The requirement of natural behav-
ior simulation in DHM has led to efforts involving perceptual modeling for the development of
more realistic models for posture prediction, motion planning and obstacle avoidance for object
manipulation. Since vision plays a critical role in human performance in diverse scenarios, is also
essential towards natural behavior simulation in DHM. Vision modeling in the existing DHM’s has
been primarily addressed through field-of-view (FoV) modeling using right circular cones (RCC).
Literature on computer-aided ergonomics evaluations makes use of these models for a variety of
applications, ranging from aircraft-cockpit analysis to visual tasks during assembly operations on
the shop floor. Perimetry literature establishes that the human FoV is asymmetric due to unre-
stricted zygomatic vision and restrictions on the nasal side of the face. This observation is neither
captured by the simplistic RCC models in DHM, nor rigorously studied in vision literature. The
RCC models severely undermine the extent of peripheral vision, leading to spurious results while
performing critical ergonomics evaluations. Thus, the RCC models for FoV are inadequate for
rigorous simulations and the accurate modeling of FoV is required in DHM. The computational
framework developed in this work considers three broad components namely, the geometric es-
timation and representation of FoV, visibility and statistical visibility, and legibility of objects in
space.
The work presented in this thesis is based on the hypothesis that the maximal extent of visual
capacity of an individual is dictated by the obstruction of the incident light rays by facial fea-
tures themselves. In this work, a computational geometric method for estimating FoV from 3D
laser-scanned models of the human head is proposed and its standard polar map representation
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is discussed. The algorithm is applied to 43 head models and the corresponding polar maps are
obtained. The average time taken for each FoV computation is under 2 seconds. For validating
the computational results, Goldmann perimetry has also been conducted for 10 subjects and the
results have been compared with computed FoV in polar map representation. The strong simi-
larity between computational and perimetry maps establishes that the FoV can be geometrically
computed using tessellated head models, without necessarily going through the conventional in-
teraction based clinical procedures.
To understand the minor disparities between the computational and experimental results, the effect
of of gaze-direction in FoV-estimates has been investigated. This has been accomplished by the
conjunctive use of 3D parametrization of gaze-directions and the FoV computation algorithm.
FoV variations observed for horizontal gaze variations are significant in terms of the extent and
shape on the polar map. For vertical gaze variations, significant spatial shifts are observed in the
FoV polar maps. Not only do these observations provide insight about the effect of gaze on the
extent of visual capacity, they also establish the importance of gaze-dependent FoV in modeling
binocular FoV. Thus, the exploration of several “what-if ” scenarios is made possible with the gaze-
dependent FoV computation which would be extremely difficult using experimental procedures.
Literature from cognitive science establishes the role of binocular FoV in hand-eye coordination,
postural control and depth perception. Further, binocular vision involves eye-ball rotation resulting
in variations in gaze-direction. Thus, the 3D gaze-dependent FoV is used to model the binocular
FoV in the present work.
Though, the standard polar-map representation of FoV is used for comparisons, certain issues
regarding this representation have been identified. These issues particularly pertain to the repre-
sentation of the binocular FoV. Thus, the need for an alternate representation scheme is recognized
in this work and a novel unit-cube scheme is proposed for robust, efficient and accurate modeling
of FoV. Since the FoV defines the extent up to which objects are visible in space, the development
of an object visibility analysis tool is undertaken in this work, which aims at computing the vis-
ibility of 3D tessellated objects for a given FoV. The problem of object visibility is addressed by
converting it to a point classification problem, which is dealt with, using the spatial subdivision and
pre-computation approach on the unit-cube. This approach is specifically targeted for scenarios in-
volving the frequent occurrences of point classification for object visibility analysis. The cube-grid
algorithm proposed under this approach is efficient and exact and hence proves to be suitable in
the present context of object visibility analysis.
Anthropometry and statistical analysis are widely accepted tools in ergonomics literature. Thus,
the statistical treatment of FoV is also essential for performing visibility analysis of environments
for ergonomics evaluations. With this in view, a computational framework for statistical visibility
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analysis is introduced in this work. This is done by modeling the statistical distribution of FoV
by using a novel “grid-vote” approach, which uses the cube-grid computation developed for object
visibility analysis. The distribution thus obtained is used for the generation of percentile-based
FoV curves for ergonomics evaluations by using a “marching square” algorithm. The statistical
visibility framework provides two novel capabilities to the existing ergonomics and DHM tools,
namely, the determination of the percentage of a given population which can see a given point
in a scene and the determination of the points which can be seen by a given percentage of the
population. These facilities were not available in the existing perimetry, ergonomics or DHM
literature. Further, the percentile contour curves generated on the standard polar maps provide
reliable population-representative FoV data for direct use in visual ergonomics evaluations. The
capability of generating and updating such data in an automated manner was not available in the
existing ergonomics literature.
In addition to the visibility of an object, the existing ergonomics literature stresses on the recog-
nizability of objects i.e. legibility of objects for certain critical evaluations. Design of emergency
signs, medical labels etc are examples which are subjected to such evaluations. The present work
proposes a computational framework for characterizing legibility of objects, by the conjunctive
use of “solid angles” and “relative solid angles” subtended by the object on the eye and shows
computational experiments for character legibility. The computation of solid angles is done using
the unit cube representation and a method for solid-angle correction is demonstrated. The use of
unit cube simplifies the computation of solid angles and the corrective measure is shown to give
significant improvement in the computational results.
In the present work, a purely geometric framework is developed for vision modeling in DHM and it
is shown that FoV can be computed geometrically from 3D tessellated head models. Further, appli-
cations developed for object visibility and legibility analysis show the efficiency and applicability
of the present work in DHM. A novel computational framework of statistical FoV is introduced
in the present work and it is shown how variations in FoV could affect decisions during design
evaluations.
